The generalized mixing matrix of quarks is computed based on a composite model of quarks and leptons. Among potentials between constituent particles examined V(r) = Ar' (As > 0) and A In r (A > 0), it is shown that potentials with exponent 0 5 s 5 3 or In r are consistent with current experimental data for the mixing matrix elements.
I. INTRODUCTION
The quarks and leptons are grouped in families and generations. An important but difficult question is how many generations exist in nature and what is their mass spectrum. Apparently the mass of the quarks increases at least exponentially as a function of the generation number, while the increment for lepton masses with respect to the generation number is less drastic.
There has been a suggestion [ 11 that quarks and leptons are composite systems made of more fundamental objects and the generations are their excited states. If that is the case, we can eliminate some of the mysteries of generations. The number of generations may be infinite, but practically only a finite number will be observed if the mass increases exponentially with the radial quantum number. Then, some questions which should be considered are (a) what are the properties of the constituent objects and of their interactions, (b) how can the mass spectrum of the generations be understood, and (c) is it possible to compute the quark mixing matrix from the bound state wave functions? Clearly questions (b) and (c) are related to question (a).
In order to avoid the difficulty of spin 3 bound states without introducing large spin dependent forces, we assume that the constituents are spin 0 and spin f particles, as is sugested in [ 11. Obviously, question (b) , the problem of a rapidly increasing mass spectrum, is the most difftcult one. This is because the mass spectrum of the excited states increases at most as n* for a local potential model where n is the radial quantum number. (This is realized for a rigid wall potential.) Also the excited states with orbital angular momentum should have very large energy, so that one will not observe them at low energy. On the other hand, question (c) was formulated in [ 11, which gives a hint as to how to calculate the quark mixing matrix which is a generalization of the K-M matrix [ 21. Although the final answer should 273 simultaneously solve all three questions stated above, one may wonder whether one can solve question (c) without confronting the difficulty of (b).
In this article, we suggest such a model and calculate the mixing matrix (Section II). Section III is devoted to a comparison with experiment and discussions.
II. THE MODEL AND CALCULATION OF THE MIXING MATRIX
Following the suggestion of [ 11, we assume that the quarks of charge 2e/3 (-e/3) are the nS,,, excited states of the U(D) and B particles, where U, D is an isodoublet of spin 4 and B is an isosinglet of spin 0. (The spin assignment could be vice versa, i.e., spin of U, D and B could be 0 and 4, respectively.) For the leptons, U(D) is replaced by N(E).
The potential between the U, D and B particles is assumed to be
where V,(E) is energy and orbital angular momentum dependent but coordinate independent and V(r) is a local potential which is responsible for making bound states. The arbitrary constant V,(E) is added to adjust the observed mass spectrum of the generations and explain the nonappearance of the orbital angular momentum states. The local potential V(r) will be chosen to be (A) a rigid wall potential, (B) the Coulomb potential, (C) a harmonic oscillator potential for analytic computations and (D) the power potential V(r) =A?, A > 0, s > 0, and a logarithmic potential V(r) =A In Y for computer calculations. We will see that comparison with the experimental data seems to give some insight into the nature of the potential of the constituent particles.
Despite the energy dependence of the potential the choice of the form (1) leads to the orthogonality of wave functions v = U,/(I) Y,,(0, 4). i.e., from the Schrodinger equation
it follows that
['x' u,,(r) u,,,(r) dr = 6,,, ,. 
It is obvious that the solution (u,(r)} is an orthonormal set. An example of V,(E) which gives the mass spectrum of the generations is 2m(E -Vo(E)) = 2m.u In where ,U and E, are appropriate constants with the dimension of mass. Then we obtain E, = EoefldzWu,
which gives masses which are a geometrical series. Solving V,(E) in Eq. (8) we have
If the mass spectrum is not a geometrical series, it is easy to adjust V,(E) to accommodate the real situation. The parameters M, ro, ,D, and E, could be slightly different for the (UB), = U, and (DB), = d, bound states, because of violation of isospin invariance (the parameters for the latter are denoted by the primed quantities).
This then leads to nonorthogonality between the (u, } and (d, } wave functions and their overlap integrals give the mixing matrix [ 11. Assuming that r. < r-6, the matrix element of the mixing matrix U = (a,,} can be calculated as (7) sin (%I dr
,";'y;j* ,
where z = ro/rh.
The matrix U is an orthogonal matrix which follows from the orthonormality of the set (u,) and {d,}, i.e., It is clear that we have to use a phenomenological analysis without using the K-M angles parametrization, since our matrix U is infinite dimensional.
We may add that we have a few more alternative solutions for the U matrix. The value z = 0.15 satisfies Eq. 
we obtain [-2(1 t z)' t 3(2 t 2z2 t 9z)(l t z)" -5( 1 t z3 t 18z( 1 t z))( 1 t z)" + 9O(z( 1 + z') + 4z')( 1 t z)> -420z2( 1 t z)' t 560~~ 1.
TO determine the rest of the a,,'s we make use of the following relationship:
a,,(z) = a,,@ ' 1.
The parameter z is determined by the Cabibbo angle. as before, giving z = 0.720.
We obtain the numerical values of the U matrix An alternative solution is obtained by an unlikely value z = 0.0035, but was discarded since it leads to an unacceptable value for a,, (= 0.451). Comparing matrices (17) and (25) we notice a striking similarity despite the large difference between the potentials used. One might think that qualitative features of the U matrix may be insensitive to the detailed form of the potential V(r). We will show that this is not the case. The next example, a harmonic oscillator potential, gives a markedly different prediction for the mixing matrix.
C. Harmonic Oscillator Potential
For a harmonic oscillator potential V(r) = qf r*, we list the radial wave functions R,,(r) for the first four S-states. 
and a logarithmic potential
computer calculations are performed to obtain the mixing matrix elements. The results are given in Table I . 
III. COMPARISON WITH EXPERIMENT AND DISCUSSION
In order to compare the results of the previous section with experimental values of the mixing matrix (18), we show a sketch of a,,, (n ,< 2, f < 3) and the ratio
as a function of the power of potential V(r) =A+ (Fig. 1) . It is quite clear that the prediction of the power potential is consistent, with an exponent 0 5 s 5 3, with the accurate value of 1 a,, ] and the upperbound of the ratio j a, 3 i/i az3 ]. In other words, the harmonic oscillator potential, a linear potential, and a logarithmic potential are acceptable while a Coulomb potential and a rigid wall potential are in conflict with experimental data, as is seen in Fig. 1 . Notice that the potentials which are mentioned above as successful are also phenomenologically acceptable potentials for quarkonium . A further comparison of experimental data and our prediction might shed some light on the nature of the potential among constituent particles in the composite model.
Needless to say, the important questions of explaining the generation spectra and absence of orbital angular momentum states are left open for further investigations.
A similar work was done independently by Terazawa and Akama ] IO, 111, who calculated the mixing matrix for the relative Dirac particle with the Coulomb potential and the rigid wall potential. The results obtained are remarkably close to our results for these potentials. In other words, the relativistic corrections of this kind for the mixing matrix are relatively small. They did not study the potential dependence of the mixing matrix, as is done in this article, since the relativistic equation (the Dirac or the Klein-Gordon equation) with the minimum interaction given by power potentials does not have bound state solutions.
APPENDIX: GENERATION MASS SPECTRA
The mass ratios between the generations are given by As is seen above, the quark masses increase as a geometrical series or even stronger, while the lepton masses are not quite a geometrical series. As was pointed out earlier, it is easy to adjust V,(E) to this situation, However, the disparity between leptons and quarks is striking and should be seriously considered.
Assuming that the quark masses increase geometrically, we may predict the mass of the top quark 1, t', 
